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.    X I.  INTRODUCTION 

During the past decade, a number o£ theoretical and experimental 
efforts have been undertaken to bring about a better understanding of 
the detailed phenomenology of the gun interior ballistic cycle.  A 
large portion of this work has addressed, in particular, the presence 
of longitudinal pressure waves in the gun chamber, with practical interest 
centered on their causes and controls. An extensive review of pressure- 
wave problems and related propelling charge design considerations was 
recently provided by May and Horst-*-. 

The latter half of this same period of time has seen considerable 
activity in the field of modeling unsteady, multi-phase flows. A small 
sample of the nature and diversity of such work was revealed at an Army 
Research Office Workshop on Multi-Phase Flows^. One subset in this 
field has been that of modeling flamespread and combustion in a mobile, 
granular propellant bed. These studies are of particular interest in 
terms of their relevance to ignition transients, pressure waves, and 
even breechblows in artillery and tank guns. The approaches of several 
flamespread modelers were first reviewed in a JANNAF Workshop^ several 
years earlier. Since that time, modeling of flamespread and pressure- 
wave phenomena has received further attention, primarily by Fisher'^*^, 

1 
I,W.  May and A.W.  Hovst,   "Charge design Considerations and Their Effect 
on Pressure Waves in Guns''^  Interior Ballistics of Guns,  H.  Krier and 
M.  Summerfieldj  Editors^ Progress in Astronautics and Aeronautics^   Vol. 
66,  pp.   197-227, AIAA,  New York,  NY,  1979. 

2 
J.  Chandra and C.  Zoltani, Editors, Proceedings of ARC Workshop on 
Multiphase Flows,  US Army Research Office,  Research Triangle Park,  NC, 
February 1978. 

K.K. Kuo, "A Summary of the JANNAF Workshop on Theoretical Modeling and 
Experimental Measurements on the Combustion and Fluid Flow Processes in 
Gun Propellant Charges", IZth JANNAF Combustion Meeting, CPIA Publicat- 
ion 281,  pp.   213-234,  December 1976. 

E.B.  Fisher,   "Quality Control of Continuously Produced Gun Propellant", 
Calspan Report No. SA~5913-X~1,  Calspan Corporation, Buffalo,  NY, August 
1977. 

E.B.  Fisher,   "Investigation of Breechblow Phenomenology",  Calspan 
Report No.  1359-D-l,  Calspan Corporation,  Buffalo, NY, April 1979. 



Gough ' ' , and Kuo . Other modeling efforts recently sponsored by the 
US ArmylO>ll are addressing post-flamespread phenomena and, hence, are 
not relevant to the description of ignition/combustion-driven pressure 
waves. 

Both because pressure waves in guns are a largely one-dimensional 
phenomenon and because it represented a logical first step in modeling, 
nearly all of the emphasis was initially placed on providing a digital 
simulation of flamespread and pressure waves within the limitation of a 
one-dimensional representation. This approximation was considered 
reasonable for a number of applications of interest involving base ' 
ignition of a bed of radially-confined propellant. As our present 
understanding of pressure waves in guns associates their formation with 
an axially localized ignition stimulus, an axially nonuniform distribut- 
ion of propellant, or perhaps an interaction between these inhomogeneities, 
the one-dimensional treatment can be seen to have been physically well 
motivated. 

Indeed, application of at least one of these codes to radially- 
confined charges (e.g., cased ammunition) met with success on numerous 

P.S.   Gough and F.J.   Zwarts,   "Some Fundamental Aspects of the Digital 
Simulation of Conveotive Burning in Porous Beds",  AIAA Paper No.   77-855, 
AIAA/SAE 13th Propulsion Conference,  July 1977. 

7 
P.S.   Gough,   "Theoretical Study of Two-Phase Flow Associated with Granular 
Bag Charges", ARBRL-CR-00381,  USA ARRADCOM,  Ballistic Research Labora- 
tory, Aberdeen Proving Ground,  MD,  September 1978.  (AD#A062144) 

0 

P.S.   Gough,   "Two Dimensional Convective Flamespreading in Packed Beds 
of Granular Propellant",  ARBRL-CR-00404,   USA ARRADCOM,   Ballistic 
Research Laboratory, Aberdeen Proving Ground,  MD,  July 1979.  (AD#A075326) 

g 
K.K.  Kuo and J.H.  Koo,   "Transient Combustion in Granular Propellant 
Beds.    Part 1:    Theoretical Modeling and Numerical Solution of Transient 
Combustion Processes in Mobile Granular Propellant Beds",   BRL-CR-346, 
USA ARRADCOM,  Ballistic Research Laboratory,  Aberdeen Proving Ground, 
MD,  August 1977.    (;AD#A044998) 

10 
H.  McDonald,   "Two-Dimensional Implicit Interior Ballistics Code- 
Quarterly Technical Progress Report",  Scientific Research Associates, 
Inc.,  November 1978. 

11 . 
A.C.  Buckingham,   "Research on Gun Barrel Erosion Mechanisms",  Energy 
and Technology Review,  Lawrence Livermore Laboratory^  CA,  January 
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12 13 
occasions * ; however, similar levels of success were not forthcoming 
with bagged-charge configurations^^'^^. This problem was recognized by 
Fisher-*-" and subsequently by Gough', both of whom suggested that for 
bagged charges with annular ullage external to the propellant package 
present, a high permeability path may be provided for equilibration of 
pressure gradients early in the ballistic cycle. Conversely, the 
presence of the bag material itself, as well as other parasitic components 
such as wear-reducing liners, may alter flamespread and decrease overall 
permeability of the charge. 

In this report, simulations of a bagged charge are provided based 
on two alternative representations: first, a one-dimensional-with-area- 
change treatment which assumes a uniform cross-sectional distribution 
of propellant (if present) at any given axial location; and second, a 
quasi-two-dimensional analysis which treats the propelling charge and 
unoccupied regions in the gun chamber as disjoint but coupled regions 
of one-dimensional flow. With the latter, some aspects of charge 
geometry, ullage, and bag material characteristics are amenable to 
investigation for possible effects on flamespread and pressure waves. 

Finally, a technical approach for a fully two-dimensional treatment 
of the problem is described. 

II. TECHNICAL DISCUSSION 

A.  Description of the Problem 

The M203 Propelling Charge is a conventional, top-zone, bagged 
charge, recently released for use in the MISS Towed Howitzer and currently 

12 
A.W.  Horstj T.C.  Smith, and S.E. Mitchell,   "Key Design Parameters in 
Controlling Gun-Environment Pressure Wave Phenomena - Theory Versus 
Experiment",   13th JANNAF Combustion Meeting,  CPIA Publication 273, 
pp.   341-368,  December 1975. 

13 A.W.  Horst and P.S.   Gough,   "Influence of Propellant Packaging on 
Performance of Navy Case Gun Ammunition",  Journal of Ballistics,   Vol. 
1,  No.   3, pp.   229-258,  1977. 

14 
C.W.  Nelson,   "Comparison of Predictions of Three Two-Phase Flow Codes", 
BRL-MR-2729,  USA ARRADCOM,  Ballistic Research Laboratory, Aberdeen     ^ 
Proving Ground, MD,  February 1977.  (AD#A037348) 

15 A.W.  Horst,  C.W.  Nelson, and I.W. May,   "Flame Spreading in Granular 
Propellant Beds:    A Diagnostic Comparison of Theory to Experiment", 
AIAA Paper. No.   77-856, AIAA/SAE 13th Propulsion Conference,  July 1977. 

E.B.  Fisher and A.P.  Trippe,   "Development of a Basis for Acceptance of 
Continuously Produced Propellant",  Calspan Report No.   VQ-5163-D-1, 
Calspan Corporation,  Buffalo,  NY,  November 1973. 



undergoing evaluation in the M109A2/A3 Sel£-Propelled Howitzer. Depicted 
in Figure 1, this charge employs about 11.8 kg of M30A1, triple-base, 
granular propellant. The ignition system is comprised of a cloth 
basepad containing 28 g of Class 1 black powder and a molded-nitro- 
cellulose centercore tube, which houses a cloth snake filled with an 
additional 113 g of black powder. The charge, confined within a resin- 
impregnated cloth bag, is encumbered with a number of parasitic components, 
each designed to perform a special function. A cloth donut filled with 
granular potassium sulfate serves to reduce muzzle flash.  Lead foil, a' 
de-coppering agent, and a titanium-dioxide/wax wear-reducing additive 
are also present as liners which surround approximately the forward 
two-thirds of the charge. Finally, a cloth lacing jacket provides 
additional rigidity to the package. 
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CLA$S3f6,5 0Z./YD'l 
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Figure 1. 155-mm, M203 Propelling Charge 

The impact of these various components on the details of the early 
portion of the interior ballistic cycle is unknown. Nevertheless, it 
is readily apparent that a potential exists for these elements to affect 
not only the early-time flow of igniter gases into and around the 
propellant bed, but also to restrict or alter mobility of the solid 
propellant itself. 

Consider what is believed to be the normal sequence of events during 
functioning of this charge. Hot combustion products from the primer exit 
the spithole in the spindle face and impinge upon the basepad*. As the 
* Uhiie the details of this process are outside the scope of the present 

studyj  an approach for modeling the M82 Primer has been provided by 
Zoltani.^"^ 

^'^C.R.   Zoltani,   "M-82 Primer Flow Study",  AEBEL-TR-02084,   USA ARRABCOM, 
Ballistic Research Laboratory,  Aberdeen Proving Ground,  MD,  June 1978. 
CAD#A057695) 
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basepad begins to burn, product gases and hot particles will penetrate 
the several layers of cloth, enter the centercore tube, and ignite the 
snake as intended. However, basepad combustion products will also tend 
to penetrate the rear of the bag and ignite the main propellant charge 
directly. This competition with centercore functioning is critical, and 
a victory for direct, local ignition of the propellant bed by the base- 
pad could lead to catastrophic pressure waves in a high-loading-density 
charge. Basepad products, however, can also flow into axial ullage 
behind the charge and forward, external to the bag, via annular ullage 
shown in Figure 2, Such flow around the bag could equilibrate pressures 
throughout the chamber early in the cycle, but the persistance of this 
ullage is unknown and may depend heavily on charge-component character- 
istics. Figure 2 also indicates extreme loading positions for the M203 
in the M198 Howitzer. The variation in charge standoff from the spindle 
face can be expected to affect coupling between primer spithole output 
and the basepad, as well as alter the initial distribution of propellant 
and ullage. 

MINIMUM 
STANDOFF 

MAXIMUM 
STANDOFF 

Figure 2. Extreme Loading Positions of the M203 Propelling Charge in 
the Ml98 Howitzer 

Thus, we have identified unintended contributors to mechanisms both 
for localizing ignition and pressurization and for preventing or reducing 
longitudinal pressure gradients.  In this study, we address three of 
these factors - distribution of ullage, permeability of the bag side- 
wall, and rupture strength of the bag - to assess their influence on 
the flow of igniter gases and on the subsequent processes of flamespread 
and pressurization. 

11 



B.  Quasi-One-Dimensional Treatment 

Several versions of the NOVA code have been generated since its 
birth in 1972. Documentation on the most recent NOVA code is undergoing 
preparation by Paul Gough Associates and will be published as a Naval 
Ordnance Station, Indian Head (NOS/IH) Contract Report. A recent AIAA 
publication^ provides an essentially accurate description of this code 
as used in the current study. 

NOVA consists of a two-phase flow treatment of the gun interior 
ballistic cycle formulated under the assumption of quasi-one-dimensional 
flow. The balance equations describe the evolution of averages of flow 
properties accompanying changes in mass, momentum, and energy arising 
out of interactions associated with combustion, interphase drag, and 
heat transfer. Constitutive laws include a covolume equation of state 
for the gas and an incompressible solid phase. Compaction of an aggregate 
of grains, however, is allowed, with granular stresses in excess of 
ambient gas pressure taken to be dependent on porosity and in accord 
with steady state measurements.  Interphase drag is represented by 
reference to the empirical, steady state correlations of Ergun^^ and 
Anderson  for fixed and fluidized beds, respectively.  Interphase heat 
transfer is described similarly according to Denton^O or Gelperin- 
Einstein21.  Functioning of the igniter is included by specifying a 
predetermined mass injection rate as a function of position and time. 
Flamespreading then follows from axial convection, with grain surface 
temperature deduced from the heat transfer correlation and the unsteady, 
heat conduction equation, and ignition based on a surface temperature 
criterion.  In addition, internal boundaries defined by discontinuities 
in porosity are treated explicity, and a lumped-parameter treatment is 
included reflecting the inertial and compactibility characteristics 
of any inert packaging elements present between the propellant bed and 
the base of the projectile. Solutions are obtained using an explicit 
finite difference scheme based on the method of MacCormack^^ for points 

S.  Ergun,   "Fluid Flow Through Paaked Columns",  Chem.  Eng.  Progr.,  Vol 
48,  pp.   89-95,   1952. 

29 
K.E.B.  Anderson,   "Pressure Drop in Ideal Fluidization",  Chem.  Eng.  Sai 
Vol.   15,  pp.   276-297,  1961.  ^ 

20 
W.n.  Denton,   "General Disaussion on Heat Transfer",  Inst.  Meoh Eng. 
and Am.  Soa.  Meoh.   Eng.,  London,  1951. 

21 
N.I.^ Gelperin and V.G.  Einstein,   "Beat Transfer in Fluidized Beds", 
Fluidization, J.F.  Davidson and D.  Harrison,  Editors, Aoademia Press 
1971. 

22 ■ 
R.W.  MacCormaak,   "The Effects of Viscosity in Hypervelooity Intact 
Cratering",  AIAA Paper No.   69-354,  AIAA  7th Aerospace Science Meeting, 
J. U U %7 m 
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in the interior and a modified method of characteristics at internal 
and external boundaries. The configural approximation imposed by this 
representation is schematically depicted in Figure 3. 

BREECH 
'FACE PROJECTILEN 

ACTUAL BAG CONFIGURATION 

rAXIAL ULLAGE: (-0, SiNGLE PH^SE COIVriWyiiM 
or LUMPED PmmER 

Figure 3. 

QUASI-ONE-DIMENSIONAL 
REPRESENTATION 

Actual Charge/Chamber Interface and Quasi-One-Dimensional 
Representation 

C.  Quasi-Two-Dimensional Treatment 

As with the quasi-one-dimensional model, the quasi-two-dimensional 
model has already been documented elsewhere in many essential respects^. 
We therefore confine our present discussion to a summary of the overall 
physical features and comment in detail only on those features which 
differ from our earlier work. 

The quasi-two-dimensional treatment involves the decomposition of 
the combustion chamber into four distinct regions: namely, the contents 
of the bag, the ullage to the rear of the bag, the ullage to the front 
of the bag and, lastly, the ullage around the bag. We find it convenient 
to refer to the ullage at the rear and front of the charge as axial 
ullage and to refer to that which surrounds the bag as annular ullage 
(see Figure 4). Evidently, only the axial ullage is recognized explicitly 
by the quasi-one-dimensional treatment. The significant features of 
the quasi-two-dimensional treatment are (1) the explicit recognition of 
annular ullage and the influence of the strength and permeability 

13 



of the bag sidewall on the radial motion of the charge, and (2) the 
exchange of mass between the charge and the annular ullage. 

ANNULAR ULLAGE: l-B, SlflGLE PHASE CONJmUd 

-AXIAL ULLAGE: LUMPED PARAmER 

Figure 4. Quasi-Two-Dimensional Representation of Charge/Chamber 
Interface 

The model for the two-phase flow within the bag differs from that 
summarized in the preceding section only by virtue of the time-dependent 
cross-sectional area for the flow which is a consequence of radial 
motion of the boundary between the propellant and annular ullage and 
the influence of radial mass transfer. Our earlier account^ may be 
consulted for further details. The current treatment also follows our 
earlier approach in regard to the analysis of ullage. The annular 
ullage is represented as a quasi-one-dimensional, single-phase inviscid 
flow. The time dependence of the local cross section is, of course, 
recognized. The axial ullage is, however, always treated according'to 
a lumped-parameter representation. A more detailed representation is 
not thought to be justified in view of the quasi-one-dimensional treat- 
ments of the bag and annular ullage.  Indeed, an attempt to represent 
more fully the details of the flow in the axial ullage would virtually 
demand a fully two-dimensional analysis as the circulation in these 
regions is expected to be intense. 

The essentially new details of the present treatment relate to the 
representation of the characteristics of the bag material. The bag is 
assumed to be characterized initially by a rupture strength, a^ag, which 
is a function of position. Also, the bag is regarded as either fully 
permeable (to the gas phase) or fully impermeable at any time. The 
local permeability can be initialized as either "go" or "no-go". When 
rupture is detected, the local permeability automatically defaults to a 
"go" condition. Radial elasticity of the bag is not considered; the bag 

14 



is assumed to be incapable of dilation beyond its initial diameter 
except as a consequence of rupture. The behavior of the bag following 
local rupture is not considered. 

The rupture condition recognizes the contributions of granular 
stress and of the differential in gas pressure if the bag is impermeable. 
As in the previous study^, we assume the granular stress to be hydro- 
static. This has the consequence of imposing a local condition of 
radial equilibrium in the sense that the granular stress must vanish 
unless there is suitable radial confinement.  Full confinement is 
provided, of course, when the charge is in contact with the wall of 
the tube and, also, when the unruptured bag is fully dilated to its 
initial diameter. When the bag is ruptured, the granular stress must 
vanish locally until such time as contact with the wall occurs. Simil- 
arly, if the impermeable bag is not fully dilated, the granular stress 
must be equal in value to the excess of the external pressure over the 
internal pressure, provided this is positive. These principles of 
radial equilibrium provide important mechanisms for the radial motion 
of the boundary between propellant and annular ullage since adjustments 
in granular stress require adjustments in porosity, which in turn 
influence the local diameter. 

In addition to radial motion due to stress equilibration, we consider 
the influence of the radial component of drag due to mass transfer. The 
approach to this detail has been given previously^. 

In the present group of calculations, we have considered the effects 
of radial drag and stress relaxation to be linearly additive over each 
time step in accordance with the following basic algorithm. Based on 
the local permeability, we compute the mass transfer, the induced drag, 
the resulting change in radial velocity, and the change in local cross- 
sectional area due to expansion. Subsequently, within each integration 
step, the constraints imposed by considerations of radial equilibrium 
are taken into account. If the charge is unconfined and the computed 
change in cross-sectional area has led to a non-zero value of granular 
stress, the area is adjusted locally so as to relax the stress to zero 
by a suitable variation in the porosity. A similar procedure is applied 
to ensure the equilibration of pressure excess on an impermeable bag 
by granular stress within the bag. 

We conclude by noting some of the possible aspects of bag behavior 
which have not been addressed by the present study. These include 
ablation or thermal and erosive destruction of the bag; influence of 
the ruptured bag on subsequent processes; dilation of the unruptured bag 
and separation from grains under internal pressure excess; details of 
the axial motion of the bag or end effects such as grain spillout; and 
any details of the end closures, which are always taken as fully 
permeable. 

15 



III.  RESULTS OF CALCULATIONS 

A.  Quasi-One-Dimensional Solutions 

A complete listing of all input data used to perform the quasi-one- 
dimensional simulations is provided as Appendix A.  Further discussion 
of these data and a description of results for a nearly identical problem 
have been provided previously by Horst and Trafton^S. The problem 
reported herein differs only in initial charge length and details of 
the chamber geometry. 

We comment first on the fact that while experimentally observed 
muzzle velocities and, to a lesser degree, maximum chamber pressures 
are usually quite reproducible, the presence of longitudinal pressure 
waves may pass all but unnoticed or be quite pronounced. Smooth 
pressurization profiles are usually associated with proper and prompt 
initiation of the centercore black powder charge, which in turn ignites 
the main propellant charge over a distributed longitudinal region in 
an effectively simultaneous time frame. On the other hand, late 
initiation of the centercore, perhaps resulting from misalignment between 
the spindle spithole and the centercore, might lead to direct ignition 
transfer from the basepad to the main propellant charge - a more 
localized ignition, favoring the formation of pressure waves.  It is 
also important to note that ignition delays for ambient ('x- 21 °C) firings 
usually fall in the 50-100 ms range, a figure an order of magnitude 
higher than that typically exhibited by cased charges employing high- 
pressure bayonet primers. 

A quasi-one-dimensional NOVA code simulation of the M203 Charge, 
properly loaded in the gun chamber with the basepad approximately 25 mm 
from the spindle face, provided the results depicted in Figure 5. Overall 
pressurization profiles are quite similar to experimental data. Detailed 
analysis of a comparison of predicted and observed pressure-difference 
profiles, however, reveals some disturbing features (see Figure 6). 
First, we notice a strong, predicted positive difference (i.e., local 
pressurization at the breech end of the chamber) not observed experi- 
mentally. This prediction is a consequence of the one-dimensional 
approximation, which requires that all basepad combustion products pass 
into the low permeability propellant bed, as opposed to venting around 
the charge external to the bag, rapidly equilibrating pressures through- 
out the chamber. The schematic representations of Figure 3 serve to 
clarify this point. This same configural difference between NOVA and 
reality may also be responsible, in part, for the predicted, short 
ignition delays i'x^  5 ms). Additional major contributions to the real- 
world delay ('v 60 ms) may be associated with the impedance to flame 
penetration offered by the bag and other parasitic components themselves. 

23 
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As a result of the predicted, rapid ignition at the rear of the 
main charge, input data reflecting functioning of the igniter centercore 
are of no consequence, as they represent igniter output after flamespread 
throughout the bed has been calculated to be complete. Hence, NOVA 
predicts a monotonic propagation of flame forward through the bed, 
accompanied by a strong stagnation at the projectile base (indicated 
in Figure 5 by an initial reverse pressure difference of '^  20 MPa). 
However, the resulting longitudinal pressure wave is predicted to decrease 
rapidly in amplitude. An experimental curve exhibiting a similar initial 
reverse pressure-difference level (which contributed to Figure 6] does 
not reveal the same characteristic damping rate. This discrepancy may 
reflect some inadequcy of the interphase drag law included in NOVA, 
coupled perhaps with a misrepresentation of propellant bed rheology - 
neither element of constitutive physics being adequately supported by 
experimental data. 
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A NOVA calculation was also performed to simulate the loading 
condition whereby the propelling charge is pushed all the way forward 
against the projectile base.  With the M483A1 Projectile and the M2Q3 
Propelling Charge, this configuration may result in as much as 130 mm 
between the spindle face and the base of the charge.  With the exception 
of this initial positioning of the charge, input data remained the same 
as for the previous problem.  Figure 7 presents pressurization profiles 
resulting from this calculation which indicate an increased level of 
longitudinal pressure waves. The predicted pressure-difference profile 
is compared to a band of maximum-standoff, firing data in Figure 8. 
We see excellent qualitative and fairly good quantitative agreement 
between theory and experiment. As before, the predicted pressure waves 
tend to dampen out more rapidly than is indicated by the firing data. 
Of more concern, however, is the continued disparity between NOVA and 
reality prior to completion of flamespread and the initial stagnation 
at the projectile base. We still observe an order-of-magnitude difference 
in ignition delays between experiment and theory Cnot obvious in the 
figures because zero reference times were shifted when presenting 
experimental data). 

The one-dimensional approximation does appear, however, to have 
provided a much more satisfactory simulation of the maximum charge 
standoff configuration than of the nominal 25-mm condition. At this 
point, the improvement may be considered to result chiefly from an 
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increased likelihood o£ largely base ignition of the main charge at 
maximum standoff, a consequence of the poorer interface between the 
primer spithole and the igniter centercore charge.  Coupled with a slight 
reduction in annular ullage external to the charge (because of the 
tapered gun chamber) and elimination of the forward reservoir of ullage, 
this mode of ignition may lead to a nearly one-dimensional process (at 
least on the macroscopic level), more successfully represented in NOVA. 
Predicted flame propagation through the charge, shown in Figure 9, is 
essentially equivalent for the two configurations, except for initial 
ignition delays. 

B.  Quasi-Two-Dimensional Solutions 

The input data for the quasi-two-dimensional calculations differed 
from those for the one-dimensional treatment only in that entries were 
included to represent explicitly the propellant as being confined in a 
bag characterized by initial radius, rupture strength, and permeability. 
Treatment of the behavior and influence of the bag was described previously; 
it is re-emphasized here that this picture grossly oversimplifies reality. 
Nevertheless, we hoped to provide information on several limiting cases 
which together would increase our insight into the influence of real 
propellant bags on the evolution of the interior ballistics cycle, as 
well as to probe the potential importance of bag materials and configur- 
ation as available propelling charge design parameters. 

Toward this end, calculations were performed for charges with three 
different "limiting-case" bag materials, each at both minimum and maximum 
standoff distances from the spindle face.  Input data are summarized as 
Appendix B. 

The first of these was designated the weak, permeable bag.  In the 
spirit of providing a bound on reality, the bag was taken to have no 
strength and to provide no resistance to gas flow. Thus, the bag served 
only to describe an initial boundary between the propellant bed and 
external ullage, offering no further constraint on the problem.  In the 
calculation, igniter gases are initially predicted to flow around the 
charge as well as into the base of the propellant bed.  This leads to a 
reversal of flow at the front of the chamber and some local preheating 
of the forward end of the propellant bed. Histories of flamespreading 
for this and one other quasi-two-dimensional simulation of a minimum 
standoff configuration, shown as a portion of Figure IQ, reflect increased 
flamespreading rates in this region when compared to the NOVA predictions 
of Figure 9 - the difference primarily a result of this preheating. 

Very early in the cycle, however, local ignition and pressurization 
at the rear of the charge result in expansion of the propellant bed to 
the chamber wall at the two rear-most axial stations.  Pressurization 
of the rear ullage also moves the rear boundary of the charge forward, 
with the reshaped, rear portion of the bed maintaining porosity levels 
very near to settling.  Limitations imposed by the code necessitate 
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defaulting to the quasi-one-dimensional representation at this point. 
The inability to continue the quasi-two-dimensional treatment further, 
though certainly undesired, is not believed to discredit the calculation 
beyond interest, since contact of the charge against the chamber wall 
effectively ends communication between the two ends of the chamber via 
the high-permeability, annular ullage. Conversion to the quasi-one- 
dimensional representation does, however, lead to a large difference 
(10-15%) in propellant bed porosity between previously expanded and 
unexpanded bag stations, as well as a moderate, negative porosity 
gradient as one moves forward through the previously unexpanded portion. 
Thus, despite the fact that nearly all the flamespreading is then 
calculated using the same representation that led to the NOVA solution 
discussed earlier, a significantly different result is provided.  The 
locally lower porosities at the rear of the charge apparently impede 
escape of early combustion products, yielding an increased level of 
pressurization at the breech end of the chamber, as shown by the 
appropriate curve of Figure 11. The convectively driven flame front 
then propagates through the charge, encountering an ever-decreasing 
bed permeability. The pressure front is "focussed" by the continually 
increasing resistance to flow, resulting in a vigorous stagnation event 
at the projectile base and local pressures exceeding even those exhibited 
in the one-dimensional NOVA simulation. 
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In a similar fashion, simulation of the maximum-standoff, weak, 
permeable bag leads to an early (t - 'V' 5 ms) collapse of the bag sidewall 
against the chamber, necessitating a default to the one-dimensional 
representation for the remainder of the calculation. However, Figures 
10 and 12 reveal little difference from the one-dimensional NOVA 
solution for this configuration. 

A second, though unlikely, bound on reality was supplied in the 
form of a strong, impermeable bag, capable of withstanding the entire 
interior ballistic cycle without rupture while allowing combustion products 
to exit via the ends of the charge only.  Interestingly enough, the 
minimum- standoff calculation does not lead to propellant ignition. 
Virtually all of the igniter gases are bled off around the charge to the 
forward, axial ullage, while little of the gases penetrate the compara- 
tively impermeable, confined bed to heat the propellant.  Figure 13 
provides a display of the bed temperature profile at the time of maximum 
temperature at the first station. To probe this result further, an 
additional calculation was performed with the igniter output profile 
doubled over the same time interval. We see propellant ignition to occur 
at about only 3.5 ms into the cycle, revealing the sensitivity of our 
ignition limit to igniter characterization, an area certainly worthy of 
further experimental work. Even more interesting is the bed temperature 
profile several milliseconds later, when flow of combustion products 
around the bag leads to reversed flow, actually creating a second 
ignition site at the forward end of the bed. A similar calculation, 
leading to the coalescence of the two flames inside the bed and a reduced 
level of pressure waves, has been previously described by Gough^. 
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Simulation of the strong, impermeable bag in the maximum standoff 
loading condition provides a dramatic, though not altogether unexpected, 
result.  Ignition is not abated by the strong confinement of the bed and 
persistent annular ullage, apparently because of the limits on loss of 
Igniter products around the bag without a forward region of ullage 
present. However, the infinitely strong bag, because of its condition 
of total sidewall impermeability, acts much like a gun chamber of reduced 
diameter. Stagnation of the initial pressurization front at the base 
of the projectile results in extreme compaction of the bed (porosity 
=0.27) and a violently high, local pressurization rate, as indicated in 
Figure 12. The computational scheme employed in the code was taxed at 
this point, and the calculation was terminated for reasons of economy. 
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A final configuration included in this study was that of a strong 
permeable bag. Again, the bag was taken to have whatever characteristics 
of durability that were necessary to survive the interior ballistic 
cycle, but this time the sidewall as well as the ends were taken to be 
totally permeable to gas flow. Since only intergranular stresses had 
to be supported by the sidewall, this requirement on strength was less 
severe than that for the impermeable case. The results of calculations 
for both minimum and maximum standoff conditions are summarized graph- 
ically again in Figures 10 through 12. Unlike the impermeable bag 
simulation indicating non-ignition at minimum standoff, an apparent 
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venturi effect encourages igniter gases to enter the bed and immediately 
exit through the permeable sidewall to the lower pressure region of 
annular ullage. As a result of this same process, direct loss of 
igniter products from the rear region of axial ullage through the annulus 
is reduced. Convective input to the first station of propellant is 
increased and ignition results. A large period of hesitation, however, 
is then seen for both minimum and maximum standoffs, as any local 
pressurization capable of driving the convective flame into the bed is 
also depleted by flow around and through the permeable sidewall. 
Nevertheless, once the flame is sufficiently fed by propellant combustion, 
flamespreading rates are predicted to be similar to those provided by 
the one-dimensional NOVA simulations. 

These same configural factors - sidewall permeability and persistent 
annular ullage - can significantly alter the development of pressure 
gradients leading to longitudinal pressure waves.  In the minimum-stand- 
off simulation, local pressurization at the breech end of the chamber 
accompanying propellant ignition is drastically reduced, all but 
eliminating subsequent development of a longitudinal pressure wave. 
Igniter gases and propellant combustion products are free to propagate 
throughout the annular ullage, reaching the forward axial ullage and 
essentially equilibrating pressures throughout the chamber as long as 
this highly permeable path remains open. 

Initial reductions in breech pressurization mitigate the formation 
of gas-phase pressure waves, which in turn reduces motion of the propellant, 
stagnation of which against the projectile base can further increase 
local gas pressures. The situation may be even worse than the 
simulations relate, as impact of propellant grains into the projectile^^ 
base may lead to grain fracture, a mechanism implicated in breechblows 

A simulation of the maximum-standoff loading condition, however, 
indicates a significantly reduced impact of annular ullage on the 
development of pressure waves. While Figure 12 reveals minor differences 
in the character of the pressure-difference profile from the other maximum- 
standoff configurations, the amplitudes of minima and maxima are 
essentially unchanged. The lack of a receiving reservoir in the form 
of forward axial ullage appears to be a key factor in desensitizing 
the charge to bag properties when fired at maximum standoff. 

IV.  CONCLUSIONS 

In this study, an attempt was made to provide a numerical descrip- 
tion for the interplay between igniter, ullage, and bag material in a 155- 
mm artillery charge. Calculations were performed based on several 

24 A.W. Hopstj I.W. May, and E.V.  Claj'ke, Jr.,   "The Missing Link Between 
Pressure Waves and Breechblows",  ARBRL-MR-02849,  USA ARRADCOM, 
Ballistic Research Laboratory, Aberdeen Proving Ground, MD,  July 1978. 
(AD#A058354) 
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limiting-case descriptions of the propellant bag. While assumptions 
concerning the behavior and influence of the bag were so crude as to 
prohibit one from describing the results as firm predictions of reality, 
several important conclusions can be drawn which impact on future model 
development and charge-design efforts alike. 

First, the hydrodynamics of the ignition phase, as influenced by 
the subject parameters of this study, are shown to play a major role in 
determining whether or not propellant ignition will occur.  Physically 
reasonable rates of igniter venting are not always sufficient for 
ignition, particularly if alternate paths of flow external to the 
propellant charge can equilibrate pressures and lower the pressure 
gradient into the bed.  Increases in propellant surface temperature 
resulting from convective heating may then be sufficiently diminished 
by conduction into the grain that the ignition criterion is not met. 
It is interesting to note that further attempts to simulate long ignition 
delays by reapportioning the ignition output profile with respect to 
time Ctotal igniter mass was held constant) were unsuccessful:  either 
ignition was predicted to occur in a few milliseconds or not at all. 

Moreover, a fully two-dimensional representation, by itself, is not 
expected to alter this aspect of the simulation in any substantive 
manner. An essential feature of the two-dimensional model must be an 
explicit representation of the flow resistance, strength, and burning 
properties of ignition system and propellant packaging materials. 
Ignition delays may be, in part, a result of the thermal destruction 
of such components. An improved simulation of the ignition event may 
await, as well, a more realistic criterion for propellant ignition, 
including recognition of a complicated sequence of events involved in 
transition to full combustion. 

The above shortcomings of the present model, however, should not 
nullify the essential features of the subsequent phases of the solution. 
Once localized gas production is initiated, be it caused by igniter 
or propellant combustion, the path of flamespread may be significantly 
altered by bag material and configuration. The sensitivity of flame- 
spread and ensuing pressure waves to bag permeability and rupture, 
particularly with forward ullage present, may offer a partial explanat- 
ion for the variability in pressure waves observed in minimum-standoff 
M203 firings. Conversely, the occurrence of reproducible, high-amplitude 
pressure waves associated with maximum-standoff, M203 firings is 
consistent with the picture offered by both one-dimensional and quasi- 
two-dimensional descriptions: annular flow is of little consequence in 
terms of reducing pressure waves without the presence of forward ullage 
during flamespread. 

Imbedded in this result lie some potentially significant implications 
with respect to the phenomenology of lower and multi-zone propelling 
charges. Annular ullage will remain very important to the control 
of pressure waves, but ignition transfer and separation characteristics 
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for multiple-increment packages may prove to be equally important. That 
same forward ullage which couples with annular ullage to provide an 
equilibration path for single-zone charges can also allow substantial 
propellant grain velocities to develop, a condition quite possibly exa- 
cerbated by the usual stacked, packaging configuration of multi-zone 
charges.  Perhaps the increased degree of control over these parameters 
(as well as rupture strength and permeability) offered by rigid, combus- 
tible packaging materials will allow the future charge designer to pro- 
vide the proper and consistent sequencing of flamespread and propellant 
motion to yield reproducibly low levels of pressure waves under all 
reasonable firing conditions. 

V.  FUTURE WORK 

An effort is now underway to extend the current analysis to provide 
a fully two-dimensional representation of the problem. Our approach may 
be summarized as follows: 

We divide the combustion chamber into disjoint regions in each of 
which all the flow variables maybe regarded as continuously differentiable. 
In particular, one such region is allocated for each charge increment 
and the mixture boundaries always coincide with the region boundaries. 
Accordingly, a precise representation is made of the ullage. The flow 
inhibition associated with the bag material and its various liners may 
be embedded accurately as boundary conditions linking the flow in one 
region with that in its neighbors. For flexibility and economy we 
consider that the flow in a given region may be any one of two-dimensional, 
two-phase; two-dimensional, single-phase; quasi-one-dimensional, two- 
phase; quasi-one-dimensional, single-phase; or lumped-parameter, single- 
phase. The M203 Propelling Charge configuration is depicted within the 
framework of this representation in Figure 14. 

ANNULAR ULLAGE:/-or^O,S/NGLf PHASECOfiJlNm 
CENTERCORE :i-D, SINGLE or mo PH4Sf 

PROPELLANT BED:/-or^-OJlVO-PHyiSE 
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mmm or mPED pmmER 

Figure 14. Two-Dimensional, Axisymmetric Representation 
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The governing equations for each of these types of regions consist 
of balance equations, which have been previously derived6 and constitutive 
laws for which it is necessary, in some cases, to extrapolate from 
previous one-dimensional laws. The approach used to generate numerical 
solutions is essentially a marching technique based on an explicit two- 
step scheme. Each physical region is independently mapped, in a time- 
dependent manner, onto a regular computational figure, either a unit 
line or a unit square. 

As a step towards the complete numerical implementation of the model, 
we have encoded a method of solution for a configurally complex, single 
region of two-dimensional, two-phase reacting flow in a closed chamber^. 
Stable solutions have been generated using this scheme for certain 
nominal data bases, and the extension of this code to treat initial ullage 
and the presence of the bag should lead to results to the current 
problem of interest by mid-1980. 
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CONTHUL DATA 
LUniCAL VAKIAHLES; 
t^KlNlT 1      (jPAPH ?      CISK WWIIf I)      uiSK HEAU 0 
1.4. TARLt 1       HLAMt TAhLt I       PHfSSUWt  TAHLtMS)  1 
tHOSlVE cKFtCT u      nrivJANlC EFFtCT 0      wALL TEMPtkAlnRE LALLULAT ION (I 
LhFT HA'gU HOUNUAkY CONOUION 0      "IdHI HANi. HOUNOAHY (UNUlTlO'vl U      LEFT HAND (vKbtKvulH 0 
•^ItiHl H« Ji) KKSFKVOIW 0       Htn PWtCOMPRESbtU 0 
HhAt LOSS CALCULATION 0      INSUL At UJO LAttK 0 

■)JKE PFSlSTMlCt FUNCTION 1 

INlEOKATION PArtAMETEKS 
I'JUJIRF fv rjF STATIONS AT WHICH DATA AWE STO'^hU 30 
NUM^FR OF SIEPS HtFuPE LOGOUT 100 
Tl'-IE STEP FOR IjISK STAWT U 
NUMHFP OF STIPS FQW TEWMlNAflOM 2SO0 
TlMF f OP Tt-^OINATION (SEC) .bOUOF-OI 
PWOJfCTlLE TPAVtL FOR TERMINATION (INS) 2()'5.00 
MAKTMUM riMt STEP (SEC) .lOOtJt-03 
SIABILITT SAFETY FACTOW <?.00 
SOUPCF STAHlLITY FACTOR .WSOO 
SPATK^L ••(ESOLUTION FACTOR .0100 
TIME INTERVAL FOR I.B. TABLE STORAGE(SEC) .2000t-03 
TIME INTERVAL FOR PRESSURE TABLE STORAGE (SEC) .lUOOfc-03 

FILE COUNTERS 
NUMSFR OF STATIONS TO SPECIFY TUBE RADIUS 7 
NUMHFR OF TIMES TO SPECIFY PRIMER DISCHARGE 8 
NUMBER OF P(JSITIONS TO SPECIFY PRIMER DISCHARGE b 
NUMBER OF ENTRIES IN BORE RESISTANCE TABLE 7                                        ■   '     .< 
NUMriFR OF ENTRIES IN WALL TEMPERATURE TABLE 0 
NUMBER OF ENTRIES IN FILLER ELEMENT TABLE 0  -■. 
NUMBER OF TYPES OF PROf'ELLANTS 1 
NUMBER OF RURM RATE OAlA SETS 2 
NiJMBfP OF EHTKIES IN VOID FRACTION TABLE (S) 0    0    0 
.MUMHFR OF ENTRIES IN PRESSURE HISTORY TABLES 3 
NUMHFP OF ENTRItS IN LEFT BOUNDARY SOURCE TAMLE 0 
NUMBER OF ENTRIES IN RIGHT BOUNDARY SOURCE TABLE 0 . 
NUMBFk OF iHALL STATIONS FOR INVARIANT EMBEDDING 0   . 
NUMBER OF HED STATIONS FOR INVARIANT EMBEDDING 0 
FRICTION COEFFICIENT t«0                              ... 

GENERAL PfOPERTIES OF INITIAL AMBIENT GAS ,   " 

li-:iTIAL TEMPERATURE (OEG.R) S30.0 
(INITIAL PRESSURE (PSI) U.7 
MOLECULAR fFIUHT (LHM/LBMOL) 24.000 
R"Tln OF SPECIFIC HEATS l.oOOO 

GFNfRAL PROPERTIES OF PROPELLANT BED 

INITIAL TEMPERATURE (OEG.R) . bSO.U 
i/lRTUAL MASS CONSTANT (-) ij.OOO 
VOID FRACTION PACKING COEFFICIENTS U.OOOO    O.UOUO    0.0000 
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pmiPF HI Its   (IF   PkOt^tLLaNf 

'■i^SS   Of   Hi^OPt.Ll./VNI    (l.HM) 

K1P.-1   fUNCrlU'M    UlDILATOK 
iMJISIhF    JlA^FTF.k    (INS) 
ItiSIDf    nUr't.lKk    (UJb) ^ 
LtilGTh   (Mi) 
NUMHfk   OF   PF:PF(JKAT1UNS 

rtJiiAl .P'li.-E-PbvfHOS 

7 
.'»1 I) 

KHFULOGICAL   PKOPEKTltS 

SPEFJ)   OF   COMPWFSSIUN   WAVt   IN   SETTLtD   BtO   (IN/bfX) 6U(ln, 
btTTllNi;   POPOSITY .'^'•3 
SKEEli   ')F   t^P^M'^ION   .VAVt    (]M/SeC) bUUiiO. 

SOLUJ   PHASE   THERMOCHtMISTRY 

MAXIMUM   PPtSSUPt   H)H   PUKN   PATE   DATA   (LBF/IN••^) lOOdU. 
MUPNUG   WATF_   PPE-tAPOMtNTlflL   FACTOR 

(IN/StC/P5I«»BN) .6VlKt-(i2 
LillfJi^lNG   PATE   KXPOMENT .6337 
NWXIMIIM   PPFSbUl-e   FUP   HIJRN   KATE   DATA   (LHF/IN»»2) bUUOU, 
HDPNU'G   PATt   Prtt-EXPOMENTIAL   FACTOR 

(1N/SEC/PS1»»BN) .17«3t-(j2 
Ht*RNIMG   '<A7E   EXPONENT .7ftfe* 

HUW'JlNG   -«ATE   CMNSTANT    (IN/SEC) O.fiuOO 
IGNITION   TF'^PEPrtTUPt    (DfcG.R) faOu.O 
AKPHEMIiJS   ACTIVATION)   ENERGY    (LBF-IN/L8M0L) 0. 
rpEOMFNCY FarTow  (5tc»»-l) o. 
THERMAL CUN'L'UCTIVITY (LBF/SEC/OEG.R) .?770E-Ol 
IHEWMAl. UIFFHSIVITV (I!M»»i;/SEC) .13*5£-03 
ti-iISSIVlTY FACTOR .660 

GAS PHASE THERMOCHEMISTRY 

CHEMICAL ENERGY RELEASED IN BURNIN&(L8F-IN/LaM) .17600E*08 
MULECULAP WEIGHT (LHM/LBMOL) 23.3600 
hATIn OF SPECIFIC HEATS 1.2«J0 
COVOLUMF 2».SiufO 

tOCAtlON OF PACKAGE(S) 

PACKAGE    LEFT BODY(INS)      RIGHT BODY(INS) 

1 l.UOO Jl.UOU 

M"SS(LBM) 

f**-. ISO 
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PhOPtkl IKS   Of    PMIMfH 

CHEMICAL   HNFWGY   PELtiShl)   U   RUHNlNG(LHr-IN/LHM) .630Jt*u7 
MOLEruLArl   l-.tlOHl    <LeM/LnM()L) 3fi.l.(U0 
K<»TI(1   IIF   SHfClKIC   HtATb 1.2S00 
St'ECIfIC   VOLllMt   (JF   Sf!Ull)(IM»»3/LHM) Ib.JribO 

►'t'IMEM   UISCHAkGE   FUMCTJOIl   (LbM/iU/StC) 

*'os.(i>isi iJ.ilU .qn .'J<v 30.00 31.00 
TiME(se.c) 

0. 3.00 J.OO U.IIU 0.00 o.no 
.UKiE-uJ 3.UU 3.00 u.oo 0.00 0.00 
.lUlt-l»l 0.00 u.oo 0.00 0.00 o.no 
.'»"(>E-U1 o.nu 0.00 0.00 0.00 0.00 
•SOOE-Ol 0.00 1.00 l.UO 1.00 0.00 
.«.U()E-U1 0.00 1.00 1.00 1.00 0.00 
.ftlPE-Ul o.ou 0.00 0.00 o.uo 0.00 
.10|iE*0u      0.00      U.OO      0.00      0.00      0.00 

^'|.H^^'^ ]t-n^   10   S>JH,lt-Y    lU>'t   e'MIMtTKY 

F (IN) RAI)IUb(iN) 
0.00(1 3.J30 
LSiiS J.3<''t 
l.J'»b s.'toa 

l/.6»0 3.^S0 
J6.1IU9 J.165 
3H.7'Jf, 3.0M0 

?'»O.00O j.oeo 

MOKF   PtblSTANCE TAHLt 

POSITION!IM5)    RFSlSlANCt(PSI) 
Jb.UUO 2b0. 
3i.<t00 3360. 
3t).U00 '»9bU. 
3f..b50 3625. 
37.050 3i!S0. 
39.boo 2SU0. 

JitO.OOO ISOO. 

THERMAL   PROPERTIES  OF   TUBE 

THE><MSL   CyNDUCTIVITY    (LBF/SEC/OEG.R) 
THERMAL   DIFFUSUITY    <IN»»2/bEC) 
fcMISSIVlTV   FACTOR 
luITIAL   TtMPERATURE    (DtG.R) 

7.770 
.2E80E-01 

.700 
530.00 

PROJECTILE   AND RIFLING  DATA 

INITIAL   POSITION  OF   BASE   OF   PROJECTILE(INS) 
Mi^SS   OF   Pi^OJtCTILt    (LRM) 
POLAR   MOMt^JT   OF   IMtKTiA   (LBM-IN»»2) 
AUGLF   OF   RIFLING   (UEG) 

35.000 
103.000 

1<».000 
6.000 

POSITIONS   FOP   PMESbURE   TABLE   STORAGE 
0.0000 16.0000 32.0000 
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M2U3tMl99»M483   -^IN   SO.WEAK   PERM   BAG 

LOCATION OF P«CKAGe(SI 

PiVCKftGt 

1 

LEFT   BUnrdNS) 

1 .000 

HIGMT   BOUY(itJS) 

31.000 

K'aUIU'^   OF   PftG   (IMS) ?.<»00 
KUPTUKF   P-^tSSUkE   OF   HAO    (Pbl ) 
^'ttSS   TPftNSFtH   FACTOP    (-) 
liKEA   F AC I OP   (-) 
ICL   APRAr IllllllIlllMIlllllUUllllUH 

l-'iITIAL   iiAG   STPENliTH   ARPAY 

0.000 
1.000 

.5000t-01 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

MASS(LHM) 

^fr.150 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. u. 

M203,Ml99tM483   MAX   SO.WEAK   PERM   BAG 

LOCATION OF PACKAGE(S» 

PACKAGE 

1 

LEFT BDOYdNS) 

5.000 

RIGHT BODYdNSI 

35.00U 

HAOIUS OF BAG (INS)      2.900 
PUPTURE PRESSURE OF PAG (PSI) 
MASS TRANSFER FACTOR (-) 
AREA FACTOR (-) 
ICL ARRAY    llllUllllllllinilllllllllllU 

INITIAL BAG STRENGTH ARRAY 

0.000 
1.000 

.5000E-01 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

MASS(LBM) 

26.150 

0. 
0. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 
0. 

0. 0. 0. 0. 
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■^bJ,Ml9Q,M^nj       Vi    bOfSTKtJNO    VAPExi-^    HAL- 

LOCdTInr'   OF   PACK«Cih(S) 

1 1 .imo 

i<hi)iipt- (if nAii  (INS) ?.9no 
f<iloTilWF   PHessUWH   OF   HAii   (PSl) 
■'^SS   Ti'AiJSFttV   MCTOK    (-) 
/IKF.A FAcro   (-) 
ILL  f.iwar 

NinHI    HiJOYdlS) 

n. n ij u 

-indo.oon 
l.bOII 

,snnoF.-ni 
(UMM) n I) 11 n 0 u 0 0 u 0 0 {) 0 n 0 IJ II n 0 iMKj 0 01) I) 0 

.ioooot»o't 

. liJ00«t»04 

.lnO(ji)t»o't 

. 10()(iOt»U'» 

. ionnot»0'» 

.lonnnE»0'» 
,inonoE«o<i 
.ionanE»o<. 
.loonnE»04 
. luntioE^ofc 

'(■SS (UHM) 

,10000' •0'« 
,10000^♦04 
, lOOUUf♦04 
.lOOOUt ^04 
, lOOOOt♦04 

.10UOOK»04 

.10000F^04 

.10000E*04 

.looonE^04 
,luoonF^04 

. lOOIJOt ♦04 

.100UOE^04 

. inoout ♦o<» 

. 10000L^04 

. lOOUdt ^04 

,inoonfc.^04 
n. 

.lonooE*04 .10000t>04 .100O0E»O4 

M203.Ml99»M4b3   MAX   SO»ST«ONG   IMPERM   BAG 

, ioni)(it^04 

LOC«I ION  nF   pivcsAr.f. {,} 

pfti.KftnF.        UFT HiiiiY(!"si I'i'.Hi  iimnd'jsi 

I S.IMKP .(lull 

./.ipil(is  ny   Hn(,   (irjsi ?.tioo 
l,IIP|liiyF   HWf sSIII-f    l)K   call    (MSI)       »•»•»»»••• 
■■■"SS fAMSfFi* Focinn  (-1 i.noo 
■i"E« FAcrop   (-) .'-nnot-fll 
H;L   nnMr niKiiKioonoiKiiiiiiiiKKinnnonnoonoiiiiiio 

|.,1[I'L   'I"'"'   SIKFW.IH   mlUM 

. lonont 'Uf. 

.lonllllt•o^ 

. liiniiriF.'Uf 

.10011 lit •Ob 

.lonnoF'Uh 

I oiionE»(ie 
10000E»(lf> 
IOOOOE'06 
lOonoE^im 
lOonoE^Ois 

:'\SS(LHHI 

■■'i.lbO 

.lOOOOF •(>(, 

.lOOUOF.OA 

. loooot •o») 

. KPOOOf ♦0(> 

.lOOOOI-.^Uft 

.1ononF•«^ 

. 1UUOOF»I1<- 

.lOOOOF-Of 

. louooF 'O". 

. lOOOOF'Oft 

, lOlllKII 'Ofi 
. lOOOOF'Vh 
. )OnoiiF 'Oh 
. jOOOOF HI*. 
.joonnF 'Of, 

.loonoE^Ofi .100001 'OF. 
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M203»Ml99fM483 MIN SOi STW PERM BAG 

PACKAf.t 

1 

LOCATlnN   OF   P«CKAGL(SI 

LFFT   MIlDYIINS) RIGHT   HDUrdNSI 

l.UOU ll.OOU 

MADIUS   OF   BAG   lINbl 2.y00 
HUPTUHE   PHKSSIWF   Of    HAG   IPSU 
MUSS   TPANSFttI   FACTOH    (-) 
AWEA   FACTOR   (-1 

-1000.000 
1.000 

.5000t-01 

ICL APRAT iiuiiiiiiiiiniiiiiiniiiiiiii 

INITIAL   HAG   STHtNGTH   AHHAY 

• lOOOOE'O'* .lOOOOE'Oi. 
.lononE'U* .lonooE'C. 
.lOOOOE'O't .lOOOOE'U* 
.lOOOOE'O* .lOOOOE'O'. 
.lOOOOf^O* .lOOOOE'Ci 

MASS(LbHI 

.lOOOUf.O't 

.lOOOOE'U'i 
,10000L*0<i 
.lOOUUf•04 
, lOOOUt'O'i 

.lOOOOF'O'. 

.10000E>0<4 

.lOOOOE'Oi. 

.lOOOOE'C 

.lOOOOt'U'i 

.lOOOOt'Oi. 

.lOOOOE'Ofc 
,100U0E»04 
.loonoE»04 
.lOOOOE'O't 

,100(JOE«0'. .inoooE«o<. .lOOOOt'04 .10000E*U<> .lOOOOE'O't 

M203.Ml99»M<+83   MAX   SO.   STK   PERM   BAG 

LOCATION OF PACKAGE(S) 

PACKAGE LEFT BDDY(INS) RIGHT BODY(INS) MASS(LBM) 

1 5.000 35.000 26.150 

HAOIUS OF BAG (INS)      2.900 
WUPTURE PRESSUHE OF BAG (PSD -1000.000 
MASS TRANSFER FACTOR (-) I.000 
AREA FACTOR (-) .5000E-01 
ICL ARRAY      luiuuumuuuiiunnnu 

INITIAL BAG STRENGTH ARRAY 

.10000E*04 ,10000E»04 

.I00OOE*O4 ,10000E*0fc 

.I0000E*04 .10000E»0* 

.10000E*04 .lOOOOE+O* 

.10000E«04 .10000E«04 

.10000E*0« 

.10000E*04 

.IO00OE«O4 

.10000E*04 

.I00OOE*O<t 

.10000E*0'. 

.I0000E»04 

.I0000E*0<t 

.I0000E»04 

.10000E»04 

.10000E»04 

.lOOOOE^O* 

.I0000E«04 

.I000OE*04 

.10000E»04 

.I0000E»04 
0. 

.I0OOOE*O4 .10000E*04 .10000E*04 .I0000E*0<t 
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